controlled by ion channels. Modulation of ion channels Excitation-secretion coupling in various endocrine causes changes in resting membrane potential which cells is dependent on membrane voltage which is con-lead to alteration in calcium influx and hormone secretrolled by ion channels. In order to characterize and tion. In most endocrine cells, resting membrane voltage determine the functional significance of voltage-gated is regulated primarily by K / channels [1] . Many of the ion channels in the parathyroid cell, the patch clamp phenomena involved in excitation-secretion coupling in technique was used in cell-attached and whole cell the parathyroid cell have yet to be delineated, including configurations to study single channel and whole cell membrane ionic permeabilities and the relationship becurrents in dispersed bovine parathyroid cells. Whole tween electrical activity and parathyroid hormone secell voltage clamp recordings from dissociated bovine cretion. The parathyroid cell is unique in that increases parathyroid cells were obtained in a physiologic solu-in intracellular calcium lead to a reduction in parathytion containing (in mM): 140 NaCl, 5.4 KCl, 2 CaCl 2 , roid hormone secretion, whereas in other secretory 
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INTRODUCTION
the tissue was digested using a collagenase enzyme (Boehringer, Mannheim). Clumps of dissociated cells were isolated by passage through a 250-mm nylon mesh screen and were purified by density Excitation-secretion coupling in most endocrine cells centrifugation on a Percoll gradient. Cells were washed free of Percoll is dependent on changes in membrane voltage which is and then were placed in primary culture. Cell viability was assessed with trypan blue exclusion under light microscopy, and it was consistently greater than 90%. 1 Support for this research was obtained from a 1997 Independent Investigator Award from the National Association for Research in Primary culture of parathyroid cells. Isolated parathyroid cells were washed three times in 50 ml of Ham's F12/DMEM media conSchizophrenia and Depression. 2 To whom all correspondence and reprint requests should be ad-taining 100 U/ml penicillin, 50 mg/ml gentamicin, and 0.5% BSA under sterile conditions. Cells were resuspended in Ham's F12/ dressed at MetroHealth Medical Center, 2500 MetroHealth Drive, H920, Cleveland, OH 44109-1998. DMEM media supplemented with 10 m/ml penicillin, 10 mg/ml genta- physiologic extracellular solution with a pipette (intracellular) solution that did not contain MgCl 2 is seen in Fig. 1 . This represents a complex current-voltage relationship with probably at least two different ion channels. The composite current reversed direction at approximately 070 mV which is near the equilibrium potential for K / , indicating that the majority of current is carried by a channel that is K / selective. The upward deflection in the current-voltage relationship, seen at the most positive membrane potentials in Fig. 1 , reflects current from another channel (not shown) which has yet to be characterized.
When 2 mM MgCl 2 was added to the pipette solution and the experiments repeated, there was only a small outward current recorded in response to 300-ms pulses the pipette solution, a large inward current was recorded following parathyroid cell hyperpolarization from 040 to 0140 mV at 20-mV increments occurring micin, and 1 ml/dl ITS/ (Collaborative Research, Inc.). For the patch every 3 s and lasting for 300 ms (Fig. 3 ). This current clamp experiments, cells were cultured in 35-mm culture dishes on voltage relationship is shown in Fig. 4 . The reversal 9 1 9-mm glass chips previously coated with 20 mg/ml fibronectin and potential for the current was 060 to 065 mV (n Å 4) 30 mg/ml of BSA to enhance attachment. The cells were incubated which is near the K / equilibrium potential, indicating at 37ЊC in a humidified atmosphere containing 5% CO 2 until the electrophysiologic experiments were performed.
that the current is carried primarily by a channel that
Patch clamp technique. The patch clamp technique was used in
is K / selective. These findings are characteristic of an cell-attached and whole cell configurations to study single channel inwardly rectifying K / channel which is characterized and whole cell currents obtained from dispersed bovine parathyroid by better passage of current inward than outward and the pipette where whole cell recordings were then made.
Electrodes were prepared by pulling and fire polishing 7052 glass (Garner Glass, Claremont, CA) using a Narishige puller and polisher
DISCUSSION
(Tokyo, Japan). Suction was used to establish a seal with 1-5 MV resistance between the electrode and the parathyroid cell membrane.
A reduction in extracellular calcium concentration is
Currents were recorded in response to 20-mV incremental changes the principle stimulus for parathyroid hormone secrein voltage of 300-ms duration every 3 s from 080 to /40 mV and from 040 to 0140 mV. Current recordings were obtained using Axopatch 200A and Axopatch 1C amplifiers (Axon Instruments) and an indifferent electrode which was an AgCl plug connected to a bath via a 150 mM KCl agar bridge.
Whole cell voltage clamp recordings were obtained from dissociated parathyroid cells maintained at room temperature in a physiologic solution containing (in mM): 140 NaCl, 5.4 KCl, 2.0 CaCl 2 , 2 MgCl 2 , and 10 Hepes. The pH of the extracellular solution was adjusted to 7.4. The pipette (intracellular) solution contained (in mM): 145 KAsp, 10 05 CaCl 2 , 10 Hepes, 10 glucose with and without 2 MgCl 2 . The pH of the pipette solution was adjusted to 7.2. The same experiments were also performed with no added calcium in the bath.
Analysis. Fetchex (PClamp, Axon Instruments) was used to digitalize single channel activity. Fetchan and Pstat (Axon Instruments) were used to perform the single channel analysis. Whole cell currents were digitalized using Clampex and analyzed using Clampfit components of the PClamp software. Representative current recordings in response to 20-mV increments in voltage every 3 s and lasting for 300 ms from 080 to /40 and 040 to 0140 mV were obtained. tial whole cell voltage clamp recordings obtained in a
FIG. 2. Current measurement in response to
We found that whole cell currents of dispersed bovine parathyroid cells in a physiologic extracellular solution included an inwardly rectifying K / current. We also observed at least one other component of the current in the parathyroid cell (Fig. 1) that has not yet been characterized but could represent a calcium-activated K / channel or a chloride channel. Activity of the inwardly rectifying K / channel was principally observed with hyperpolarization of the parathyroid cell membrane. The reversal potential for the inwardly rectifying K / channel occurred at 060 to 065 mV. Hyperpolarization of the parathyroid cell membrane was associated with a large inward movement of K / , whereas depolarization was associated with only a small outward current. This inwardly rectifying K / channel appeared to be distinct from previously defined calcium- ent in other nonexcitable cells, such as endothelial cells where an inwardly rectifying K / channel keeps the cells hyperpolarized until agonists such as bradykinin tion. An inverse relationship exists between parathyroid hormone secretion and extracellular and intracellular or ATP depolarize the cell by opening cation channels [11] . The inwardly rectifying K / channel in the plasma calcium concentration. This relationship is responsible for the tight control of human serum calcium levels over membrane of the parathyroid cell appears to be important for maintaining normal negative resting mema very narrow range. An increase in extracellular calcium concentration leads to an increase in intracellular brane potential which may have a role in regulation of parathyroid hormone secretion. concentration in the parathyroid cell which may be the principle regulator of parathyroid hormone secretion [6,
From our results, we can postulate about the functional significance of the inwardly rectifying K / chan-7]. Increases in intracellular calcium concentration, in response to increases in extracellular calcium concentra-nel in the parathyroid cell. The inwardly rectifying K / channel is likely to play an important role in maintion, occur via voltage-sensitive calcium channels and/or receptor-operated calcium channels under the control of taining a negative membrane potential. Activation of a calcium influx pathway, which occurs when extracela calcium-sensing calcium receptor [2, 3] .
The electrophysiologic characteristics of parathyroid lular calcium is elevated, would lead to depolarization and a reduction in the driving force for calcium entry. cells are unique among secretory cells. It has previously been reported that parathyroid cells are fully polarized However, two ionic channels would oppose this depolarization, an inwardly rectifying K / channel and a calat low external calcium concentrations, which is associated with increased parathyroid hormone secretion, cium-activated K / channel that has also been described and depolarized at high extracellular calcium concentrations, which is associated with reduced parathyroid hormone secretion [8] [9] [10] . Studies by Wallfelt and colleagues have revealed that calcium influx into the parathyroid cell occurs through calcium-activated but not voltage-dependent channels under the control of the calcium receptor, and the calcium current is the cause rather than a consequence of depolarization [11] . Excitation-secretion coupling in parathyroid cells is also distinct from other secretory cells in that an increase in intracellular calcium concentration results in membrane depolarization and a reduction in parathyroid hormone secretion. It has previously been postulated that changes in membrane potential may occur as a result of alteration in calcium-activated K 4. Castellano, A., Pintado, E., and Lopez-Barneo, J. Ca 2/ and voltin these cells [12] . Thus, the gradient for calcium entry age dependent K/ conductance in dispersed parathyroid cells.
would be maintained, intracellular calcium would reCell Calcium 8: 377, 1987. main elevated, and PTH secretion would be reduced. hormone secretion.
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